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mB  PREIr-ARATION  CF  CARBO’J  USSII'I  FIIMS  FOR  FEINTED 
WIRING  HESISTOHS 


SDIMAHr 

Difficulty  has  been  experienced  in  obtaining  resiatance  film  sheet 
material  from  resistor  manufacturers  for  printed  circuit  application.  A 
survey  has  been  made  of  the  problems  involved  in  producing  the  required 
resistor  sheet  in  the  laboratory,  and  the  memorandum  outlines  methods  and 
materials  required  to  carry  out  further  experimental  work. 

1.  IMTRODOCTIDN 


The  use  of  carbon  or  graphite,  in  powdered  or  colloidal  form  with  a 
sjnthetic  resin  binder,  as  a resistance  element  for  volume  control  tracks 
is  common  practice  in  the  radio  industry.  The  use  of  such  track  material 
as  the  resistor  element  for  printed  circuit  techniques  has  been  proposed  in 
Technical  Note  No.  43  - Aspect  Ratio  Resistors  for  Deposited  and  Printed 
Circuits.  Wh^n  uniformly  coated  sheets  are  used  in  this  way,  or  when  the 
resistors  are  sprayed  in  position  on  a printed  panel,  a suitable  resistor 
varnish  is  required,  Kost  ooemerioal  organisations  making  carbon  film 
potentiometers  have  developed  their  varnidies  over  a number  of  years  and 
can  prepare  mixtures  that  are  practically  repeatable.  Their  formulae  are 
the  result  of  considerable  experience  and  it  is  evident  that  there  are  many 
variables,  not  only  in  the  ingredients,  but  als^b  due  to  the  atmospheric 
conditions  under  which  the  mixtures  are  prepared  and  methods  of  application 
of  the  film.  A number  of  formulae  that  have  been  developed  are  given  in 
the  Section  2 of  this  Kemorandum.  The  third  part  of  the  Memorandum 
discusses  some  methods  of  applying  the  varnishes.  The  electrical 
characteristics  are  not  discussed  since  they  are  similar  to  those  of  the 
carbon  film  volume  controls, 

2.  RESISTOR  PAINT  FORMJIAE  AND  SPECIFICATION 

The  synthetic  resin  used  as  a binding  m*‘dium  for  the  conductive  parts 
of  the  mixture  can  be  obtained  prepared  in  the  form  of  an  oil  bound  varnish 
or  as  a pure  oil  free  resin  varnish.  These  varnishes  can  be  diluted  with 
solvents  so  that  the  conductive  particles  can  be  dispersed  by  ball  milling. 
Alternatively  the  conductive  portion  can  be  obtained  as  a dispersion  in  the 
solvent  ready  for  diluting  the  synethic  r .-sin. 

2.1  Oil  based  synthetic  resin  varnish 

Since  the  commercial  synthetic  resin  lacquers  are  not  normally  supplied 
to  a rigid  specification,  it  is  found  that  the  composition  varies 
considerably  from  batch  to  batch.  In  order  to  reduce  the  variables  in  the 
process  it  is  advisable  to  have  the  binder  nade  up  to  a specification.  A 
typical  formulation  for  an  oil  based  resin  has  been  recommended  and  the 
details  are  given  below: - 

Parts  by  weight 


Resin  - 1 

Pure  Phenolic,  oil  reactive  heat 
hardening  resol. 

100 

Resin  - 2 

Modified  phenolic  resin  consisting 
of  Resir/Glycerol  Esters  modified 
with  a di^ianylolpropane  formalde- 
hyde resol. 

100 

Drying  Oils 

Tung  oil  (china  wood  oil) 

200 

Driers 

Cobalt  Naphenate 
Lead  oxide 

5 

12 

Solvents 

Xylene 

500 

The  binding  nedinm  ia  prepared  by  dissolving  the  pure  resin  in  the 
drjring  oil  at  about  200%.  The  lead  oxide  ia  added  as  a thin  oil  bound 
paste  at  240%  and  dissolved.  The  modified  resin  is  then  added  at  the 
same  temperature.  About  100  parts  of  high  conductivity  acetylene  black 
is  ground  into  the  binding  nwdium  with  a ball  mill,  adding  the  solvent  as 
required.  The  mixture  requires  about  40  hours  milling.  The  liquid 
driers  (cobalt  naphenate)  is  added  during  this  stage.  The  resistor  paint 
can  be  applied  by  one  of  the  methods  described  in  Section  and  the 
completed  resistor  should  be  stcved  at  about  150%.  A protective  varnish 
coating  of  the  same  composition  as  the  binding  medium  should  be  applied  to 
the  exposed  surface  of  the  resistors. 


2.2  Oil  free  synthetic  resin  varnish 

The  comparatively  new,  oil-free  compound  resin,  Araldite,  can  be  used 
as  a binding  medium  for  a resistance  paint.  Carbon  black,  powdered 
graphite  or  colloidal  graphite  are  ground  into  the  resin  in  the  usual  way. 
The  composition  of  the  varnish  depends  on  the  method  of  applying  the  film 
to  the  insulating  surface.  A typical  formula  for  spraying  is  as  follows 


Araldite  resin  985  E approx.  350  parts  bywiight 
Carbon  black  10-200  parts 


The  following  Solvents  are  required: 

Diacetone  alcohol 
Toluene  or  Xylene 
Kethyl  or  j!thyl  Acetate 


420  parts 
120  parts 
6o  parts 


The  quantities  and  solvents  for  application  by  rollers  vary 
considerably  from  the  above. 

In  the  case  of  steel  rollers  the  recommended  varnish  is  approxiimtely: 


500  parts  (\rt) 
560  parts 
85  parts 
82  parts 


Araldite  985E 

Methyl  Or  Ethyl  Acetate 

Toluene 

Diacetone  alcohol. 


The  suggested  formulae  for  synthetic  rubber  rollers  is  approxiamtely: 


555  parts  by  Twight 
385  parts  by  v/eight 
60  parts  by  v/eight 


Araldite  ?85E 
Diacetone  alcohol 
Methyl  Ethyl  ketone. 


The  suggested  formulae  for  application  by  gelatine  rollers  is 
approximately: 


700  parts  by  weight 
115  parts  by  weight 

115  parts  by  v/eight 
70  parts  by  weight 


Araldite  Re.sin  985E 
, Tetrahydrcnaphthalene 
(Tetraline) 

Xylene 

Diacetone  alcohol 


In  each  case  the  required  quantity  of  conductive  media  must  be  added 
and  dispersed  in  the  varnish  in  a ball  milling  or  a colloidal  griner. 

The  completed  resistor  film  has  to  be  stoved  at  between  160%  for  40  to  80 
minutes. 


2.3  Colloidal  graphite  dispersions 

Resistance  films  have  also  been  prepared  satisfactorily  frean  colloidal 
graphite  dispersed  in  the  following  solvents  and  added  in  suitable 
proportions  to  the  appropriate  synthetic  resins. 
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Bisperaicn  medium 


S.vnthetic  Rtisin 


Acetone 
Na^jhiha 
V'r.ter 
Xylene 
Ben  ■2  one 
0 o.nplex 


sclvont 


Ethyl  Cellulose 

i’clyatyreno 

Crescls 

Phenol  Pcrmaldehyde 
Silicone  Ha sin 
Ethcxylene  Resin 


Stoving  teniperatuf e and  tiisie  dependj  on  the  synethic  resin  that  has 
been  used.  Similar  synt  etic  resins  have  been  used  in  both  Germany  nnd 
America  for  the  production  of  cnrbon  film  type  resistors  and  volume 
controls.  Seme  typical  formulae  are  given  below  and  these  have  been 
abstracted  from  the  references  given. 

2 . k Formulae  for  Carbon-resin  Resistor  films  used  in  Germany  and  U.S.A. 

2.4.1  "Sator"  volume  Control  Tracks  (see  B.T.O.S.  Report  No,  56?) 

1.2  kg.  Carbon  black  and  2.6  kg.  Bakelite  lacquer  (German  No.  362) 
dissolved  in  980  cc  of  equal  parts  of  ethyl  alcohol  and  benzene.  The 
whole  was  ground  in  a porcelain  ball  mill  v.dth  silica  balls  for  200  hours. 
The  mixture  was  modified  by  adding  bakelite  lacquer  and  solvent  until  the 
required  value  was  obtained.  It  is  necessary  to  ball  mill  after  each 
addition.  The  resistance  elements  were  steved  at  180^  for  3 hours. 


2.4.2  "Ireh."  Volume  Control  Tracks  (B. I.O.S.  56?) 


50  grams  of  carbon  black  to  5C0  grams  Bakelite  varnish  for  1 megohm 
element . 


The  mixture  was  passed  twice  through  a colloidal  grinder,  once  at 
?0  minutes  per  litre,  then  at  40  minute  per  litre.  Stoving  was  also 
carried  out  in  two  operations,  once  at  90%  for  two  hours  then  at  130-140% 
for  40  minutes. 

2.4.3  N.B.3.  Resistor  Paint  Formulae  N.B.S.  Circular  468 


R 

1 

Thickness 

Pigment 

Binder 

Solvent 

Stoving 

Temp. 

1000 

.003  in. 

38;;^  Graphite 

62/0  Silicone 

275% 

2000 

,003  in. 

5>'  Carbon  Black 

70';  Silicone 

275^ 

27', 'i  Graphite 

resin 

5^000 

O 

O 

4>3  Carbon 

17/)  Silicone 

275% 

19;  3 Graphite 

resin 

25000 

o 

o 

12,1  Carbon 

17.';  Phenolic 

33-'  Xyle-e 

175T 

38;“^  Graphite 

25K  to 

0015  to 

I'A  Carbon 

72/  Silicone 

21'-'  Benz  line 

275% 

5CK 

003. 

black 

resin 

50K  to 

.001  tr. 

11^  Carbon  Black 

66;,';  Ethyl 

50% 

1 meg. 

.004 

2't?  Graphite 

Cellulose 

i 

Ball  milling  ci'  mixture  is  n ■-•csss, ary  and  sliould  be  carried  cait  for  at 
least  72  hours, 

3.  APPLICATION  OF  RlgLSTOH  PAIiiTS 


There  are  twe  principal  mc-tonds  :f  applying  synthetic  resin  films  to 
insulating  materials  suitable  for  reoistor  deposition,  These  methods  are; 
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(a)  Spray  coating  by  means  of  compressed  air  Jet, 

(b)  Printing,  including  roller  and  capillary  coating  methods. 

3 . 1 Spray  coating  resistor  paint 

The  application  of  resistor  paint  by  means  of  a spray  gun  is  the 
method  most  commonly  used  commiircially  and  tt  o following  are  airoong  the 
factors  which  have  to  be  taken  into  account  t''  assist  in  obtaining  a 
repeatable  film, 

(l)  The  dlsta  nco  ' f the  gun  fr.m  t!;e  insulating  material, 

(2^  The  speed  of  travel  of  tin.-  base'  r.'atorial  lelo.tive  to  the  gun. 

(3)  The  air  pressure  ai'f'lied  to  th  ■ r;un  and  the  rpenin;:  -f  the 
c .ntrc'llable  jet. 

f4)  The  sice  ot  the  fixed  jet. 

(5)  The  shape  r;.f  the  jet  ','f  paint. 

(6)  The  position  of  the  resistor  area  relative  to  the  line  no,rr.al 

to  the  axis  ■ f the  jet, 

(7)  The  visGositj'  of  the  paint. 

(8)  The  tempera ti'.ro  if  the  paint. 

(9)  The  temperature  the  air  and  tl'.c  insulitiirg  base. 

f 10)  The  hUTiidit;/  -:f  the  atmosphere  thr- ugh  v.'hich  thi-  paint  passes, 

(11)  The  number  of  coats  of  plaint  applied  -:v.;r  the  arte. 

(12)  The  level  of  the  paint  mixtiue  in  the  spray  gun  container  ana 

how  long  ttu;  paint  ha."  b.  en  tlare. 

Variatiens  in  th-.'  compos  Ltion  and  the  constituents  -f  the  point 
itself  and  staving  time  and  temr-erature  p.r-'vidc  ,t  le,-.st  os  many  variables,  but 
these  would  bo  common  to  •■'ther  metfir.d!-  -f  p r,3 ic  .tion , ^-jv..mlof  the 
factor.s  listed  can  be  automatically  0 ntra  o.-d  end  tha  t-..ctr,iouo  has  been  s. 
vrell  developed  by  the  industry  that  st  aidar-i  doviati-.ns  cf  t!io  order  ..f  Sf- 
have  been  achieved  in  r eduction  ( s oe  apoon-’ix  l).  ."i.ra.v  guns  oiro  arranged 
at  fixed  distanc-as  fr'm  the  '.r  rk  an.'.!  ^'-.e  pan. ‘Is  to  be  s’.ra^-.od,  pass  by  at  a 
o.'nstant  speed.  The:  spray  guns  “.re  act  m .tioally  switch..d  on  just  bef  ore 
the  v:-: rk  passes  in  frent.  Th;;  positi- n f the  resisto  r ar  a rcl-ativo  to 
the  line  normal  t-  the  ixis  . f the  jet  intr-  d’uccs  -vii.at  can  be  te-rmu-'!  an 
attitude  fact  r -and  in  s~m:e-  ro.s  .s  it  is  ne. ■.r.y  to  illrw  f r this  v.iien 
laying  out  the  r-esist.r  rand.  -'hen  an  en pr  iv.;d  moand.r  is  use-i,  this  attituj- 
factor  is  net  s'-  imp-  riant  ‘as  when  t!o.-  as..rct  radio  .m .tlo.d  i.s  used. 


3.2  Frintim;  resist.'r  ink 

Printino^  . t'  vorr, fr  r r titiri:'  i'’"']-.  rs  is  als.  - ■.■el'.'  .-ct  lli.=ho;d 
commercial  practice:  "uirm;  d cai  r in'.  ■".>  n.if  rm.-r  int-.oTl-.. v/ing  ;..r..r  are 

both  co;at.-d  in  this  r.oinn.r . St-.-el,  rubb-.r  ■nd  f’clatine  r ll.rs  are  used  and 
formulae  for  suitaiole  varni.5h;'s  are  lioit.  d .n  jectian  2.  An  ‘+h;r  r’ethod  is 
the  capillary  coating  used  rn  s rv;  c Kaoercia  1 volum.  c ntr:'7L5.  car-i 

m?.t.:rial  pm.sses  laider  ‘b-.-  .nd  of  i I'L- t go.  illaty  s.hl'hon  and  a fiLa:  oaf 
carbon  -and  resin  is  dr-iv/n  out  ‘Over  th-.;  car:!.  The  cle-oiranc-o  bet-.oeen  the 
syphon  and  the  card  ■d  ;t'..nrin>.s  t!.-,-  thiooness  the  Isp'rsit.jd  film.  It  is 
usual  t"  maintain  toils  L-i  t.  nooc  enstana  and  t.  .Jbt-a.in  the  roaouirc-d 
resistance  rangov  by  th  • coif.i  egiti. n ■ •’  the  binde-r  and  conducting  pi,gment. 

To  deposit  sep'-arate  resi.st-.  rs  a numb..r  .' f c.a(jillar\'  stencil  pens  such  as 
the  lirgost  Uno  tj-pe  c'.'ulJ  bo  usc:d. 

The  design  of  Oi  suit-oboe  printinr-:  m.aohint  to  coat  car..ls  say  six  inches 
or  ore  vri.de  w uld  entail  a considerable  amount  vf  developjraent  work,  but  a 
m.achine  to  deposit  .sepoirate  resist 'rs  using  stencil  pens  Cojuld  be  .mode 
comparative l.y  s. imply. 

The  f-aotors  affecting  the  ability  to  rep  vat  results  a r-e  not  sc. 
numerous  as  those  inv-olved  in  th--.’  spr.aying  oper-otien  ';n-d  it  has  been 
noticed  that  the  films  deposited  in  this  manner  are  more  uniform,  in 


appearance.  Tlie  accuraoj^  of  t!-,c  thoo  .'.eptaids  cn  the  design  of  the 
printing  machine  and  the  im if orwi t y of  uhe  r'isiatancc  raxturc.  The 
humidity,  temperature  and  attiturie  f..ctr,ra  are  net  so  important  as  in  the 
spraying  method.  The  rellci  printing  taethod  necessitates  covering  one 
or  both  sides  of  the  sheet  vrith  ri-asistonco  ink  and  then  removing  this  from 
parts  of  the  sheet  by  light  sand  blr;sting,  scratch  brusiilng,  or  by 
chemical  means,  thus  forming  the  aspect  ratio  resistors. 

4.  GONCIUSIONS 

To  undertake  the  proper 'tion  of  Cirbun  resin  filiro  on  insulating 
panels  several  courses  ..f  action  arc  poasiblo.  The  oil  b'.aed  resins 
require  considerably  more  apfiaratua  -and  effort  t,;  prepare  th-aj-:  the  oi],  free 
resins.  Comirorcially  y.vailab],o  varnishes  coulrl  b.'  us'-a  to  o-..'.-  ?.<’  tho  oil 
based  varnish  has  any  particular  merit  , oth.:  rv/iso;  it  is  roe  , that 

laboratory  \TOrk  siiould  be  confi-nod  to  f'.o  ■dl  free  raoiris. 

The  apparatus  required  fr-i-  aproyfuig  V'ol;tij  li-'url  !3  io  b th 
cumbersome  and  complex  t;  --raft.-  but  it  io  > t~'  rio-  m repr  docible 

results.  The  effort  invc;l’A.-d  is  not  c->ris  j -i-,  r -f:  Justified  hi  viev.'  oC  the 
comparative  simplicity  ana  clean  ' pvratien  -r  ■'  pr.Infcing  n '.oi'iine.  i'  re 
development  effort  vould  lo  roqu.irod  for  thv;  iesign  '-f  an  o I'f i oi -nt 
printing  machine  than  f;;r  t».e  or.-eti  o i’  a opray  plant,  it  is 
considered  that  greater  oontr.,1  over  th-  i>r-./ c..z  ’.v  uld  i.  ;-  ,.l'taLn-..d  from  - 
capillary  or  ro.llcr  printing  machine:. 
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APP3NDIX  1 


SEIiBGTIOH  TQLERAI^iCE  OK  St  RAYED  VOIiJME  CONTROL 
TRACKS 


Some  vari-AMc  resist  . rs  ',/ere  r'jquiri- ; f r u.se  ir.  controls  in 

an  equipment  where  sp.ace  vr\s  limitel.  The  ti  :oka  '’r- i.-.  O' :i. locrcial 
miniature  potentiometers  va.re  rbtiin-d  i'  r .•i.-:.:oinbly  directly  rn  to  a 
terminal  panel.  Since  it  ".-as  Inuvn  tnot  rhe  pti  ticular  m-an’il'c'cturif  used 
an  automatic  spray  plant,  tlie  tracks  were  measuro’d  on  receipt  tc  ascertain 
the  distribution  ei'  the  ref'ct.rnoe  v-alio.-.s.  Tho  nomina]  tolorancv,-  -.-.na 
given  as  _+  20''. 

The  first  batch  wns  of  51  s.a.r.[  lea  of  nominal  25,OCO  o-hrns.  The 
•average  resistance  value  of  the  ::iimle3  rec  :iVo-j  was  24. 2C  ohms.  The 
standard  deviation  from  this  was  0.5401  •'lar.j  or  2.6  '.  ThiC  range  in 
resistance  value  v;as  22. 6K  to  25.4  >r  I'ro'm  -6.6''  to  + 4.5;>'  f the  average.-. 

The  second  hatch  censist-.-d  . f 5C  s-impl -.s  of  again  ntminal  25K 
ohms  -ind  this  time  t!io  -ivorare  valu.  ov  ,s  25.56  -'hms.  Tho  so-anl-ard 
deviation  vr-.s  1.6b5il  '‘hms  r 6.6''  an.l  "ho  rosi-stanc^:  range  from  22, 2K  to- 
28.2  K or  -15.2::'-'  to  +10.62. 


The  third  batch  was 

X .» 

hur.  dr-d 

sojoi  Les 

f ICCO  ohms  nrmin  il 

resistance  and  th-o  average 

came  rut  t- 

912  hms . 

'fh.j  standard  doviaticn 

from  this  v-alue  was  76.05 

ohr;s 

cr  8.54/ 

h Tho-  r 

esi  tancj  rajifre  in  this 

case  vras  from  700  ohms  to 

IICC 

■ hms  or 

:'rTo  -25. 

2:-  tr.  +20.6  ' , f the  , 

average.  Thes-c  tracks  v;er-e  from  ■.  miniature  ; ■ te.nti- rv..t.r  -.nd  the  area 
vrds  smaller  than  the  o-arlier  batch-;s.  Th.-.  r-.-soits  from  th-.-  Vhrec  batcoes 
are  illustrated  in  Ti-ure  1 att.achod. 
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/J'lfifJDIX  2 


SELECT  lOi:  MvQK  ON  SOMH  OA;  ILLAJ^y  CO/j;]J) 

KBS r:Tr;jaL  bums 


Sevi.ral  sht-'cta  '.  f v.,lunio  c nt.r  1 vi  lO';  r : 1 th  ;t  haJ  b ;';n 

c.ated  by  a C'aj.,c;lllary  ir.-.;tb'.  i •..■..■r''  'crain  -i-i  ^l.^cUv  :n  fchij'-, 

by  tho  ir.othcd  describ  .li  in  t’.K.B.  ’ibjri:..  i':,  . i ,,b . 

Six  aair!vl>JS  o-'.ch  cn.;  ir.ch  a-iuiru  '...  sr.'.  i'-,  U:--  r'vj'j.juanoe 

was  574  ohms  and  st,and  ;rd  dvviati  n ■.•■_■.?  b.b".  In  nLi..  :r-riii0.os  .ch  hail' 
inch  squ'^re  the  aV'-r  ire  ri^cint-'-nci;  '.-ij  L75K  '.'hm.s  'mi  t'se  st'irJ  ard 
devi:iti;.n  was  3.5  . Eleven  sami-l-.s  '..oh  euart-r  inch  n.,r’.-u- a ^.•.’re 

measured,  the  avt.rage  resirtance  -vas  4.7K  ohms  and  deviati-.n  ■.'.'as  15.7',’. 

Eight'-on  resi'’^  !s  ..f  v-.ri  ".s  •■.\a,.vct  r-tics  were  m.cisur  ^1,  tnoi 
stanl'’.rd  deviatirn  ""r  t,  the  I'ean  ■ nv..;:  ■r.x  e-juaro  was  15.57'. 
resistors  cf  cne  inch  sju''-'-  r.'-uin.'!  vaiu  j/.O;'  eer  S'-iO'-'-f  c,  iv  ,r valiu. 
'^‘OK  t--r  .scuarc,  devi.tl'-n  fr  m.  M rin  .1  v;  -.'-  13.4'.  D-.rviati'  -n  fr  'i.  vhe 
mean  ■'■■as  9.3  5 T-er.  r -sist-,  rs  "i'  iT.w.iina  iCOK  s-jU'.re  v.are'  cut  mt' 
quarter  inch  saures.  ..v-.r  ir„-  re-s’.:  tanc  ; lewi at irn  fr-r;.  both 

ncinin?,!  and  aver  >50  r . ,'.ist'>.r,ce  0- n.sidcrably  mer  • sa!.;;.  lo.'.  w.  uiJ 

be  reauir  1 t-  carry  ..'at  a c rr.’Ct  .itat  is"  ; cal  ..xar.'Cn  tl.'/.,  ’uut:  f'.ose 
res\il*'s  indic'-ti.'  th;-.t  r-.?..'  ;i -.bl.-.  * 1- r 'a  -.'i  th.;  v'.Tr.-o  rC'.iu i.r.  d v.’.as 
.bt-iinabl:  by  !he  a",  if  r'.*’'  1:.  '-h  I. 
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AggENDIX  3 


APPARATUS  jRSQUBffiD  FOR  PREr'i\R3MG  CARBQH  PISlffiMTED 
RESIN  VARMSHES 


The  following  lists  show  the  Tninimum  equipment  required  to  commence 
experimental  work  'on  making  carbon  resin  resistors. 

Equipment  for  oil  free  resin  varnish 

Ball  mill  or  colloidal  grinder  for  mixing  resins  and  pigment  (about 
1 litre  capacity). 

Drying  oven  for  storing  prepared  sheet  (thermostat  control  Ui^j 
to  350'!:. 

Filters  for  removing  insoluble  matter 
Electric  stirring  apparatus 
Solvent  for  keeping  apparatus  clean 
Resins  and  Solvents. 

Additional  equipment  for  preparing  oil  baaed  s.ynthetic  resin  varnish 

Q 

Sand  bath  heater  to  raise  temperature  to  300  0, 

Ifietal  kettles  for  cooking  resins  in  oil 
Grinding  nachine  for  powdering  resins 
Resins,  oils,  driers,  ana  solvents. 

Conducting  materials 

Acetylene  or  carum  black  (Shawinigan  Chemicals  Ltd.) 

Powdered  graphite  - Messrs.  Multiple  Acting  Flux  I.td. 

Colloidal  graphite  dispersed  in  solvents  (Achesens  Colloids'  LtdTt 

Laboratory  apparatus 

Weighing  nachine  and  weights,  measuring  flasks 

Spatulas,  stirring  rods  and  assert  ; -1  Leakers 

Filters,  filter  papers  and  stands 

Thermometers  up  to  ACO^D 

Clean  and  drying  cloths 

Screw  top  jars  (iCilner)  fer  mixtures 

Dessicaters  and  crucibles  for  drying  powders 

The  app;aratus  required  for  the  aeplioation  of  the  resistance  film 
is  listed  below. 

Spray  gun  application  (special  r cm  and  exhaust  fans  reqiiired) 

Dry  compressed  air  supply  and  vTcssure  control 

Spray  gun  with  feed  pipes 

Assortment  of  fixed  jets  for  gun 

Liquid  containers  for  spray  guns 

Motor  driven  turntable  to  hold  maksed  work 

Electrical  controlled  air  valves  for  controlling  compressed  air. 

Printing  method  (can  be  operated  in  norriial  Laboratory) 

Motor  driven  or  hand  operated  printing  machine  to  be  developed, 
using  capillary  tubing  or  rollers. 
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